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Tine of Invention: Programmable temperature and flow of nebulization and drying 
gases utilized in atmospheric pressure Ionization (API) Interfaces for mass 
spectrometry 

' Inventor: Terry L. Sheehan; 

A Brief statement of the invention: Programmable temperature and flow of the 
nebulization and drying gases to maximize the droplet formation and 
evaporation (desolvation) as mobile phase composition changes across the 
gradient applied to the liquid chromatographic column. 

, B '\^ ^ . . the features of the invention 

Existing API interfaces use constant conditions for flow and temperature of 
the gases which creates performance compromises at the extremes of the LC 
gradient composition. 

C. Brief description of the preferred and alternative embodiments, 

Assuming electronic flow of gases, the software would have to be 
modified to drive the appropriate increase/decrease in temperature and flow 
during the course of the compositional gradient from the liquid 
chromatograph. 

£>. the advantages of the invention or problems solved by the invention: 

With fixed temperature and flow of API gases, optimal efficiency of droplet 
evaporation is only achieved for a single composition of liquid 
chromatographic solvents. For isocratic (constant LC mobile phase 
conditions) separations, these fixed conditions for the gases are acceptable. 
There has, however, been a steadily shift in all LC/MS market segments 
toward gradient separations. Fixed conditions for the gases results in less 
than optimal efficiency in the API interface as mobile phase conditions deviate 
from the single composition that was used to setup the analysis. 
Programmable control of the gases (flow and temperature) will compensate 
for changes in droplet surface tension, mobile phase viscosity, and mobile 
volatility. Two net benefits exist: (1) better signal for all analytes across the 
gradient separation through optimal evaporation of droplets and (2) less 




ipportunity for thermal degradation of analytes under gas conditions that are 



1 too aggressive for a mobile phase composition associated with that analyte. 

These benefits should be realized for any API Interface that follows the basic 

design of electrospray or chemical Ionization. 
£ List of prior art (previous) methods, materials, or devices relating to the 

invention: API interfaces current employ both nebulization and drying gases 

under fixed conditions for flow and temperature. 
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1 This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 3o. 

of sheets, including this cover sheet. 



2. This REPORT consists of a total of _J_ 



n This report is also accompanied by ANNEXES, i.e., sheets of the description, claims andfor drawings 
which have been amended and are the basis for this report and/or sheets contaimng^ ^ ecUfi ™ h ^ T . 
before this Authority (see Rule 70.16 and Section 607 of the Adimmstrative InstrucUons under the PCI). 



These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 
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Alexandria, Virginia 22313-1450 
Facsimile No. (703) 305-3230 



Date of completion of this report 
07 February 2005 (07.02.2005) 



Authorized officer 
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Telephone No. (703)3080661 (j gmiS-^ /* 



Form PCT7IPEA/409 (cover sheet)(July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US03/34442 



I. Basis of the report 



1 . With regard to the elements of the international application:* 
the international application as originally filed, 
the description: 

pages 1-17 as originally filed 

pages NONE , tiled with the demand 

pages NONE , filed with the letter of _ 



the claims: 
pages 18-21 



pages NONE 



pages NONE 



pages NONE 



. as originally filed 

as amended (together with any statement) under Article 19 
_J filed with the demand 

, filed with the letter of „ 



the drawings: 
pages 1-2 



pages NONE, 



pages NONE, 



_^ as originally filed 

, filed with the demand 
, filed with the letter of m 



[~| the sequence listing part of the description: 
pages NONE l as originally filed 



pages NONE 



2 With regard to the language, all the elements marked above were available or n^shed tt ^ Authority in the 
language in which the international application was filed, unless otherwise indicated under thisitem 
Selements were available or furnished to this Authority in the following language which is. 

□ the language of a translation furnished for the purposes of international search (under Rule23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino add sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence hsting: 
[ | contained in the international application in printed form. 

□ filed together with the international application in computer readable form. 
| | ftmiished subsequendy to this Authority in written form. 
I | furnished subsequendy to this Authority in computer readable form. 

□ The statement that the subsequendy furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing 
has been furnished. 

4. Q The amendments have resulted in the cancellation of: 

the description, pages NONE 
the claims, Nos. NONE 
^ the drawings, sheets/fig NONE 
5 □ This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** . 
* Replacement sheets which have been furnished to the receiving Office in response to ^'^^^JO^TlV 
thuSrt as "originally filed" and are not annexed to this report since they do not ^^^^^J^ 16 ^ 70J7) - 
»/Z replacement sheet containing such amendments must be referred to wider item 1 and annexed to this report. 



, filed with the demand 
filed with the letter of . 



Form PCT/IPEA/409 (Box I) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US03/34442 



^ Reasoned statement under Rule 66.2(a)(ii) w ith regard to novelty; inventive step or industrial appUcability; 
citations and explanations supporting such statement 



1. STATEMENT 

Novelty (N) 



Claims 1-22 



Claims NONE 



_YES 
NO 



Inventive Step (IS) 
Industrial Applicability (IA) 



Claims 1-22 



Claims NONE 



YES 
NO 



Claims 1-22 



Claims NONE 



_YES 
NO 



2. CITATIONS J^^^^^^S??^^ 33(2)-(3) because the prior art does not teach or fairly suggest a method or 

vaporizing gas is varied in accordance with the gradient. 

Note that VESTAL (4,958,529) does not teach or suggest gradient elution. 



Claims 1-22 meet the criteria set out in PCT 
can be made or used in industry. 



Article 33(4), and thus have industrial applicability because the subject matter claimed 



NEW CITATIONS 



INTERNATIONAL SEARCH REPORT 



PCT/US 03/34442 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N30/72 B01D15/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched {classification system followed by classification symbols) 

IPC 7 B01D 601N H01J 



Documentation searched other than minimum documentation to the extent that such documents are Included fn the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4 958 529 A (VESTAL MARVIN L) 
25 September 1990 (1990-09-25) 
column 14, line 28 -column 15, line 16; 
claims 17-19; figures 3,5 



US 4 814 612 A (VESTAL MARVIN L 
21 March 1989 (1989-03-21) 
claims; figures 1-3 



ET AL) 



US 5 412 208 A (ANACLET0 JOSEPH F ET AL) 
2 May 1995 (1995-05-02) 
column 4, line 33 -column 5, line 25; 
claims; figure 2 

US 6 339 218 Bl (KAT0 YOSHIAKI ET AL) 
15 January 2002 (2002-01-15) 
column 11, line 3 - line 17; claims 

-/-- 



1-22 



1-22 



1-22 



1-22 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A' document defining the general state of the art which is not 

considered to be of particular relevance 
'E' earDer document but published on or after the international 

filing date 

*L' document which may throw doubts on priority claim (s) or 
which is cied to eslabSsb the publication date of another 
citation or other spedal reason (as specified) 

•O* document referring to an oral disclosure, use, exhibition or 



*P* document published prior to the International filing date but 
bier than the priority date claimed 



"T* later document published after the International fiDng date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X' document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

'V document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the International search 
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Date of mailing of the International search report 



25/02/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
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TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
fax (+31-70) 340-3016 
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WO 
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